Introduction
Pincus & Enzmann (1935) originally observed, and others have since confirmed (reviewed by Tsafriri, 1979; Channing, Schaerf, Anderson & Tsafriri, 1980) , that intact, immature mammalian oocytes will spontaneously mature in culture when removed from their follicular environment. This observation has led to the hypothesis that the immature follicle synthesizes a maturation inhibitor, the effect of which is overridden upon exposure of the follicle to LH (reviewed by Tsafriri, 1979) . Although considerable effort has been made to elucidate the factor(s) responsible for this follicular regulation, neither the origin nor the nature of this inhibitor have been established definitively. Several reports, however, have suggested a membrana granulosa cell origin (reviewed by Tsafriri, 1979) and have claimed that the inhibitor is a peptide of low molecular weight (Tsafriri, Channing, Pomerantz & Lindner, 1977; Stone, Pomerantz Schwartz-Kripner & Channing, 1978) , oestradiol (McGaughey, 1977a; Rice & McGaughey, 1981) or cyclic adenosine monophosphate (Cho, Stern & Biggers, 1974; Dekel & Beers, 1978) .
In recent years, attention has been focussed particularly upon a small peptide, called oocyte maturation inhibitor (OMI), which was originally ascribed such an inhibitory function by Tsafriri & Channing (1975a) . Since co-culture of con-specific membrana granulosa cells with porcine (Tsafriri & Channing, 1975a) or rat (Tsafriri, 1978) oocytes resulted in maintenance of meiotic arrest, it has been suggested that OMI is synthesized by these somatic cells and is released into follicular fluid (Tsafriri, Pomerantz & Channing, 1976a, b) . Indeed, granulosa cell extracts (Tsafriri et al. 1976a ), media in which granulosa cells have been cultured (Tsafriri, 1978) and co-cultures of oocytes in the presence of, but not in contact with, follicular hemisections (Tsafriri & Channing, 1975b) all resulted in inhibition of spontaneous maturation of pig oocytes. Furthermore, the presence of OMI activity has been reported in porcine follicular fluid (Tsafriri et al, 1976a; Stone et al, 1978) , and this fluid has been demonstrated to inhibit the spontaneous maturation of pig (Tsafriri & Channing, 1975a; Centola & Anderson, 1979; Jagiello, Graffeo, Ducayen & Prosser, 1977) , mouse (Tsafriri, 1979) and rat (Tsafriri et al, 1977) oocytes.
Studies from several other laboratories, however, have failed to demonstrate such inhibitory activity of follicular components: co-culture of membrana granulosa cells did not inhibit the maturation of intact oocytes of mouse (Nekola & Smith, 1974) , pig (Jagiello et al, 1977; Rice & McGaughey, 1980) , cow (Jagiello et al, 1977; Leibfried & First, 1980a) or ewe (Jagiello et al, 1977) , and follicular fluid did not prevent resumption of meiosis of pig (Sato & Ishibashi, 1977; McGaughey, 1978; Leibfried & First, 1980a) or cow (Sreenan, 1970) oocytes. These conflicting data indicated a serious need to re-investigate the regulatory potential of follicular components on oocyte maturation. The results of such a re-investigation, using the pig oocyte in the bioassay, are reported in this paper.
Materials and Methods

Collection ofoocytes
Reproductive tracts were obtained from a local abattoir within a few minutes of slaughter. The ovaries from 4 or more gilts provided oocytes for an individual experiment; selected oocytes from one ovary served as the controls for experimental oocytes from the contralateral ovary. Oocytes were routinely collected from medium-sized antral follicles (3-5 mm diameter), by vigorously puncturing the ovary with a sterile 18 gauge needle, into BMOC-3 medium (Brinster, 1971) (Hanks & Wallace, 1958) and cell viability was assessed using the trypan blue exclusion test (Merchant, Kahn & Murphy, 1961) .
In one series of experiments (Exp. 3), membrana granulosa cells were harvested using a validated harvesting procedure for improved cellular integrity (Campbell, 1979) . Slices of ovaries were placed in Medium 199 plus Hepes buffer (M-199*H) containing 6-8 mM-ethyleneglycol-bis-ß-aminoethyl ether-A.A'-tetracetic acid (EGTA) and 0-2% bovine serum albumin (BSA, Fraction V; Sigma) and were punctured vigorously using a sterile 18 gauge needle. The punctured follicles were then incubated for 15 min at 37°C under 5% C02 in humidified air.
centrifuged at 100 g for 5 min, re-suspended in a hypertonic sucrose solution (0-5 M-sucrose, 0-2% BSA and 1-8 mM-EGTA in M-199*H) and incubated for an additional 10 min. After the incubation in sucrose, the solution was diluted with 3 volumes of M-199*H, follicles were aspirated and the aspirate was centrifuged at 2000 g for 15 min. The granulosa cell pellet was re-suspended in culture medium, washed, re-centrifuged and re-suspended in 1-0 ml medium. Cell density and viability determinations were carried out as described above.
Culture procedures
Cultures were maintained in wells of Lab-Tek chamber slides (No. 4838) in 0-4 ml medium under 5% C02 in humidified air in a sealed desiccator at 37°C for 24 h. The complex medium of Tsafriri & Channing (1975a) (Nie, Hull, Jenkins, Steinbrenner & Brent, 1975; McGaughey, 1978 (Duncan, 1955 Oocytes were co-cultured with membrana granulosa cells harvested by a technique for improved cellular integrity (Campbell, 1979 
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To determine whether there was a requirement for continual exposure of oocytes to their follicular environment for maturation to be inhibited by follicular fluid, oocytes collected from aspirated follicles were washed successively 3 times in follicular fluid before culture. In 2 experiments, involving 4 replicates for each treatment group, exposure of oocytes to medium before culture in follicular fluid did not significantly affect the incidence of maturation compared with that of oocytes exposed continuously to the follicular environment (81 and 73% matured, respectively).
Discussion
The data presented in this paper clearly demonstrate that neither follicular fluid nor membrana granulosa cells exerted an inhibitory effect on the maturation of liberated, intact pig oocytes.
This lack of inhibition was not due to an irreversible release of the oocytes from meiotic arrest during collection or to a loss of viability of the granulosa cells during culture. These results, therefore, question the presence in follicular fluid of a stable OMI, and substantiate a growing body of literature which raises doubt as to the applicability of such an oocyte-membrana granulosa cell co-culture system for investigation of the mechanisms which regulate meiotic maturation.
The lack of any demonstrable inhibitory effect of pure follicular fluid is surprising in view of the observations of others (reviewed by Channing et al, 1980) that follicular fluid at a concentration of 50% exhibited partial inhibitory activity. The results obtained in this study cannot be accounted for by an irreversible release from meiotic arrest since those oocytes exposed continuously to the follicular environment nevertheless underwent maturation (Exp. 5).
Furthermore, in the previous studies, any change in the steroidal balance of the follicular fluid caused by sterilization through a Millipore filter was unlikely responsible for the inhibitory activity; charcoal-extracted follicular fluid still possessed its inhibitory properties after more than 99% of progesterone and oestrogen were removed (Tsafriri & Channing, 1975a) .
The dramatic dissimilarities between the results of the co-culture study reported here and those obtained by Tsafriri & Channing (1975a) Tsafriri & Channing (1975a) . This explanation could also account for lack of demonstrable inhibitory activity of rat membrana granulosa cells unless these cells have been pre-cultured for 24 h before the addition of oocytes (Tsafriri, 1978) .
An alternative explanation for the observed differences between the results reported here and those of others may relate to the end-point of the bioassay employed. In our study, meiotic maturation was determined from cytogenetic analysis of well-spread, analysable chromatin configurations. Examination of fixed whole-mounts of cultured oocytes, as carried out by Tsafriri & Channing (1975a) (Foote & Thibault, 1969; Tsafriri & Channing, 1975a; Sato & Ishibashi, 1977; Tsafriri, 1978; Leibfried & First, 1980b) , suggesting a requirement for both thecal and granulosa layers for the inhibitory action to be realized. Since the steroidal composition of follicular fluid is regulated through the cooperation of these two ovarian layers (reviewed by Richards, 1979) , it is possible that steroids mediated the observed inhibitory actions of follicular hemisections. It is well established that granulosa cells have limited, if any, ability to synthesize C19 steroids (reviewed by Armstrong, Goff & Dorrington, 1979) , and that oestradiol synthesis by these cells is dependent upon the availability of theca-derived androgen (reviewed by Richards, 1979) . Co-culture of oocytes with both follicular components might, therefore, have resulted in the maintenance of an oestrogen:progesterone environment characteristic of that of the immature follicle. In support of this suggestion it has been shown that intact pig oocytes are maintained in meiotic arrest in vitro provided that the steroidogenic output of the cumulus cells results in an oestradiol : progesterone of approximately 0-1, but that maturation occurs when this ratio is reduced to approximately 0-01 (C. Racowsky, unpublished observation). Investigations are currently in progress to determine the regulatory mechanisms which mediate this steroidogenic control.
